Background: Many women using hormone replacement therapy (HRT) will discontinue HRT and lose its bone-protective effect. Methods to preserve bone density in these women need to be explored. This multicenter, international, randomized, blinded, 12-month study was conducted to assess the effect of alendronate sodium on bone density in women who had recently discontinued HRT.
(95% CI,−4.6% to−1.7%) in patients receiving placebo, for a difference of 5.5% (95% CI, 4.2%-6.8%) between alendronate and placebo. Greater hip and total body BMD preservation was also observed with alendronate use. Bone turnover decreased significantly with alendronate (bonespecific alkaline phosphatase levels decreased by 20% and urinary N-telopeptide/creatinine ratio by 47%), but increased in the placebo group (by 18% and 36%, respectively). Alendronate was well tolerated, with no increase in adverse events compared with placebo.
Conclusions: A high rate of bone loss was observed in the first 12 to 15 months after discontinuation of HRT in postmenopausal women with low BMD. Treatment with alendronate increased or maintained both spine and hip BMD and prevented the increase in bone resorption seen with withdrawal of HRT in this population. Med. 2003; 163:789-794 B ECAUSE OF the importance of declining estrogen levels in the pathogenesis of several conditions associated with menopause, including osteoporosis, hormone replacement therapy (HRT) with either estrogen alone or a combination of estrogen and progestin is widely used. Hormone replacement therapy has been shown to be effective in reducing postmenopausal bone loss and increasing bone mass. [1] [2] [3] [4] [5] The management of osteoporosis is only one goal of HRT, which is also used to treat vasomotor symptoms and other symptoms of the climacteric patient. In contrast to these possible benefits, there are also risks associated with estrogen therapy, including an increased frequency of endometrial carcinoma and breast cancer. [6] [7] [8] Although widely accepted for years based on observational reports, data from randomized controlled studies have cast doubt on the belief that HRT can provide cardiovascular protection. [8] [9] [10] [11] Recent data from the Women's Health Initiative trial 8 have confirmed an increase in breast cancer and cardiovascular disease in healthy women using conjugated estrogens plus progestin. This news has led to reconsideration of long-term use of HRT and is likely to lead to discontinuation of HRT for a significant number of women.
Arch Intern
Many women who take HRT will discontinue the treatment owing to bothersome side effects of estrogen, fear of cancer, no further need for treatment of vasomotor symptoms, a belief that estrogen is no longer of benefit, or other reasons. [11] [12] [13] [14] [15] When HRT is discontinued, a period of rapid bone loss ensues, similar to that seen immediately after menopause. 16, 17 Alendronate is an effective treatment for postmenopausal osteoporosis that provides a significant increase in the bone density of the spine and hip 18 as well as a decreased risk of vertebral and nonverte-bral fracture, including hip fracture. [19] [20] [21] Whether the bone loss occurring after HRT withdrawal can be alleviated by alendronate is unknown.
The purpose of this study was to evaluate the efficacy and safety of alendronate in postmenopausal women with low bone density who have recently discontinued HRT. The primary hypotheses were that treatment with alendronate sodium would be found to significantly increase the bone mineral density (BMD) of the lumbar spine compared with placebo treatment, and would be safe and well tolerated. In addition, effects of alendronate on hip and total body BMD, and on biochemical markers of bone turnover, were evaluated and compared with the corresponding effects of recent HRT discontinuation in the women receiving placebo.
METHODS
Study patients were recruited at 18 centers in 9 countries. Women were eligible for enrollment if they were younger than 80 years, had been postmenopausal for at least 3 years, had used HRT for at least 1 year, and had discontinued HRT within the 3 months preceding their joining the study. In addition, patients had to have a low bone density defined as a lumbar spine T score between −3.5 and −1.5 (approximately 1.5 to 3.5 SDs below the mean BMD for healthy young women). Patients were excluded from participation if they had a history of other metabolic bone disease or osteoporotic fracture, or if they had recently received bisphosphonate or other treatments (such as glucocorticoid therapy) known to affect bone metabolism. An ethics committee review was obtained for each participating study site. Informed consent was received from all patients before any study procedures were performed.
Patients were randomly assigned to a double-blind, 12-month daily treatment of either a 10-mg tablet of alendronate sodium (Fosamax; Merck & Co, Inc, Whitehouse Station, NJ) or a matching placebo tablet in a 2:1 ratio using a computergenerated random allocation schedule. The randomization was in 2 strata based on the time elapsed since HRT discontinuation (Յ30 days, and 31 days to 3 months). All investigators, study personnel, patients, and other research personnel were blinded to the treatment assignment. Unblinding of the data occurred only after all patients had completed the study and after all data had been entered into the database and checked for accuracy. Patients were instructed to take the study tablet with 125 mL of water at least 30 minutes before the first food or beverage of the day, and to remain upright for at least 30 minutes. Any other medications were delayed for at least 30 minutes. Calcium supplementation (500 mg/d) was provided for all patients.
Bone mineral density was measured at baseline and at 3, 6, and 12 months by dual-energy x-ray absorptiometry (Hologic, Inc, Waltham, Mass, or Lunar Corp, Madison, Wis) at the lumbar spine (anteroposterior) and hip. Total body BMD was measured at baseline and 12 months in a subset of patients. A BMD quality assurance center was used for central analysis of the BMD data (Medical Data Management, Waltham, Mass). To maintain blinding, no interpretation of scans was permitted at the study sites.
Serum bone-specific alkaline phosphatase (BSAP) (Ostase; Beckman-Coulter, Inc, San Diego, Calif) and urinary N-telopeptide of type I collagen corrected for creatinine (NTx) (Osteomark; Ostex International, Inc, Seattle, Wash) were used to evaluate bone formation and bone resorption, respectively. Samples were collected at baseline and at 3 and 12 months. The analysis of biochemical markers was conducted at the completion of the study by a central laboratory (Medical Research Laboratory, Highland Heights, Ky).
The safety and tolerability of alendronate were evaluated using the incidence of adverse experiences, the results of physical examinations, and analysis of routine laboratory tests. Adverse experiences were recorded by study-site personnel at each visit using nonleading questions.
The primary objectives were to evaluate the effect of alendronate relative to placebo on changes in lumbar spine BMD at 1 year, and the treatment's safety and tolerability as assessed by adverse experience reporting. Secondary objectives included the effect of alendronate relative to placebo at 1 year on proximal femur (femoral neck and trochanter) and total body BMD, and the effect on biochemical markers of bone turnover. A sample size of 99 patients (66 in the alendronate group and 33 in the placebo group) was found necessary to detect a difference between groups of 3.5% in mean change from baseline in lumbar spine BMD at 1 year with 95% power, assuming an SD of 4.5% and using a 2-tailed test at a 5% significance level. Assuming a dropout rate of up to 40% in this patient population, additional patients were enrolled to ensure that at least 99 of them completed the study. Analyses of efficacy were based on the intention-totreat principle; all women who had a baseline measurement and at least one measurement after randomization were included in the analyses, irrespective of protocol violations. For the primary analysis of BMD efficacy variables, missing values were assigned by carrying forward the corresponding values of the last follow-up. Treatment differences were assessed using analysis of variance on percent changes from baseline. The main analysis of variance model included factors for treatment group, country, and stratum. A per protocol analysis and a completers analysis, in which data were not carried forward, were also performed for lumbar spine BMD. For biochemical markers of bone turnover, log-transformed percentages of baseline values were used. All treatment comparisons were 2-sided and statistical significance was defined as P≤.05. Proportions of patients with an adverse experience and with a change in laboratory variables exceeding predefined limits were compared between groups using the Fisher exact test. Statistical analyses were conducted using SAS 6.12 software (SAS Institute, Cary, NC).
RESULTS
Of the 144 patients enrolled in the study, 95 were randomized to receive alendronate and 49 to receive placebo. The characteristics of the groups were similar at baseline (Table) . A total of 119 patients (83%) completed the study (87% in the alendronate group and 74% in the placebo group). In the 6 months preceding their joining the study, the most commonly used HRT regimens were estradiol (70%) and conjugated estrogens (27%). During the course of the study, 20% of the patients used a nonsteroidal anti-inflammatory agent. Thirty percent of the patients reported a prior history of gastrointestinal disease.
Treatment with alendronate significantly increased lumbar spine BMD when compared with placebo. There was a 5.5% difference between the groups at 12 months (95% confidence interval [CI], 4.2%-6.8%; PϽ.001) ( Figure 1) ; and after 12 months, alendronate treatment was associated with a mean lumbar spine BMD increase of 2.3% (95% CI, 1.7%-3.0%) vs baseline, as compared with a mean loss of 3.2% (95% CI, −4.6% to −1.7%) vs baseline in the placebo group. The per protocol and completers analyses gave similar results. Also,
spine BMD decrease of 5% or greater; of those taking alendronate, none experienced a loss of such magnitude whereas 49.4% gained more than 2%.
Significant BMD increases in the treatment group were also noted for the femoral neck, hip trochanter, and the total body compared with the placebo group (Figure 1) . At the femoral neck, BMD was maintained in the group treated with alendronate at 12 months (change vs baseline, 0.2%; 95% CI, − 0.6% to 1.0%) whereas a significant decline in BMD was seen in the group taking placebo (change vs baseline,−1.4%; 95% CI, − 2.3% to − 0.4%). At the hip trochanter, BMD increased in the group treated with alendronate (change vs baseline, 2.5%; 95% CI, 1.6%-3.5%) but was unchanged in the group receiving placebo (change vs baseline, 0.2%; 95% CI,−1.4% to 1.8%). An increase in BMD was seen for the total body in the group treated with alendronate (change vs baseline,1.0%; 95% CI, 0.4%-1.6%) and a nonsignificant decrease of 0.7% was seen in the group given placebo (95% CI, − 1.6% to 0.1%). For all BMD sites, the observed treatment effects were consistent for patients who discontinued HRT within 30 days of randomization and for patients who discontinued HRT between 30 days and 3 months before randomization.
Treatment with alendronate significantly decreased both BSAP and NTx compared with placebo (PϽ.001 for both parameters) (Figure 2) . At 12 months, mean NTx level had fallen by 46.7% vs baseline (95% CI,−55.6% to−36.2%) in patients treated with alendronate, whereas it had risen by 35.7% (95% CI, 6.7%-72.4%) with placebo. At 12 months, a 19.6% decrease in BSAP vs baseline (95% CI, −26.7% to −11.8%) was observed in patients treated with alendronate compared with an increase of 17.9% (95% CI, 1.8%-36.6%) in patients receiving placebo.
The tolerability of alendronate was comparable to that of placebo. Overall, a clinical adverse experience was reported by 60 women receiving alendronate (60%) and 30 women receiving placebo (61%). The percentages of women reporting a clinical adverse experience that was considered possibly, probably, or definitely related to the study drug were also similar in the 2 groups (alendronate group, 18%; placebo group, 20%). The most common adverse experience was hot flashes, which was reported in 23 patients (16%). The most common reason for leaving the study was a clinical adverse experience: 10 (11%) patients in the alendronate group and 10 (20%) in the placebo group dropped out because of one. The most common adverse experience leading to discontinuation related either to menopausal symptoms (hot flashes for 5 patients taking placebo and 2 taking alendronate) or to upper gastrointestinal tract events (in 3 patients receiving placebo and 4 patients treated with alendronate). Adverse upper gastrointestinal tract events were reported by 15 patients treated with alendronate (16%) and by 6 receiving placebo (12%) (P=.63); none was considered serious. No fractures were reported during the study.
COMMENT
We found a substantial decrease, of approximately 3%, in the bone density of the lumbar spine over a 12-month period in patients having recently discontinued HRT. Nearly 42% of them sustained a loss of 5% or greater in the bone density of the spine. Treatment with alendronate not only prevented this loss but was also associated with a mean lumbar spine BMD gain of over 2% at 1 year. This study demonstrates the efficacy of alendronate in preventing the rapid decline in bone density occurring upon HRT withdrawal.
The relative changes in the bone density of patients treated with alendronate or receiving placebo observed in this study are within the ranges reported in several previous studies of alendronate. [18] [19] [20] In a study of a similar patient population (postmenopausal women with T scores Յ − 2.0) who had not been receiving estrogen, 20 a daily dose of 10 mg of alendronate sodium or placebo for 1 year resulted in mean lumbar spine bone density increases of 5% in the treatment group and 0.1% in the placebo group at 12 months. The absolute difference between the alendronate and placebo groups in that study was very similar to the 5.5% difference seen in our study.
Estrogen withdrawal, whether due to menopause or to discontinuation of HRT, has been shown to be associated with an increase in the release of bone-resorbing cytokines such as interleukin 1 and tumor necrosis factor. 22, 23 Therefore, increased bone resorption is thought to be the mechanism responsible for the accelerated bone loss observed with estrogen withdrawal. It follows that administration of an antiresorptive agent such as alendronate would be expected to decrease this bone loss, which this study demonstrated. A prior study showed that administration of antiestrogens (tamoxifen and toremifene) did not prevent spine bone loss upon HRT withdrawal, but it reported that the bisphosphonate clodronate seemed to retard bone loss. 24 The mean loss of 3.2% in lumbar spine bone density observed over 12 months after discontinuation of HRT in the present study is similar to previous observations. 16, 17 The results of a 1-year extension to a 2-year randomized controlled trial evaluating estrogen and alendronate therapy further corroborate this observation. 25 Patients who were switched from estrogen therapy to placebo during the third year experienced a mean loss of 4.2% in lumbar spine bone density. In contrast, after discontinuation of alendronate in clinical trials, the bone density gained during therapy was maintained and the reductions in markers of bone turnover were sustained for at least 6 to 24 months. 26, 27 Although both alendronate and estrogen are antiresorptive agents, additional benefit has now been shown from sequential use, as demonstrated in this study, and combination use. A recent study has shown no loss of lumbar spine BMD upon discontinuation of alendronate and estrogen when both had been used concomitantly over the 2 previous years, suggesting a prolonged protective effect of the combined use of alendronate and HRT. 25 Concomitant therapy with these two antiresorptive agents for postmenopausal women with low BMD has the additional benefit of greater increases in bone density than those seen with HRT alone. 28 It has also been shown that the addition of alendronate therapy to HRT in women who still have low bone density despite at least a year of HRT substantially increased both spine and hip BMD. 29 Given these additional benefits of alendronate use in women who are either receiving HRT or have discontinued it suggests that use of both alendronate and estrogen has an additive benefit on bone. Unfortunately these studies have not been large enough to assess the effect of combination or sequential therapy on fracture risk.
In this study, the decrease in bone resorption with alendronate was greater than might have been expected in a patient population who had recently used HRT. The time between HRT discontinuation and the start of treatment with alendronate was up to 3 months. This may have allowed increases in bone resorption and resulted in higher absolute values of bone turnover than if alendronate treatment had been started immediately upon discontinuation of HRT. Nevertheless, the further increases in bone resorption observed in the patients who took placebo show that the bone turnover had not yet stabilized in this group. Alendronate not only prevented further increases in bone resorption but it reduced bone resorption further despite recent HRT. The increases in bone resorption in the placebo group were also substantial, suggesting either a return to baseline or, possibly, a rebound effect following HRT discontinuation. The suggestion that increased bone resorption is related to fracture risk 30, 31 makes these results a special cause for concern. Studies on the relationship of estrogen use and fracture risk have shown that the fracture prevention benefit of estrogen is not sustained upon discontinuation of estrogen. 32, 33 This phenomenon may be explained, at least in part, by the increase in bone resorption, the decrease in bone density, or a combination of both factors following HRT withdrawal.
The number and types of adverse events were similar in the study's two groups. Therefore, alendronate was generally well tolerated in this patient population. Interestingly, 16% of the patients reported hot flashes during the study, and 5% left the study because of hot flashes, presumably to resume HRT. It is important to be aware that hot flashes can be a significant concern in some patients who are discontinuing HRT.
Other options for the maintenance of bone density after HRT discontinuation include a selective estrogen receptor modulator such as raloxifene. However, raloxifene use is known to increase the occurrence of hot flashes and therefore may not be well tolerated in this patient population. In addition, no data are yet available to assess whether raloxifene can maintain bone density in patients discontinuing HRT; and there are no data on the effect of other available agents, such as other bisphosphonates or calcitonin, in this patient population.
One of the strengths of this study is that we were able to enroll patients within 3 months of HRT discontinuation. This allowed us to collect data on the early effects of HRT withdrawal on bone density. Other strengths of the study are that it was multicenter, randomized, blinded, and placebo controlled.
Although the increases in bone density and decreases in bone turnover seen in patients treated with alendronate have been associated with a reduction in fracture risk, this study was not large enough to determine the fracture risk reduction. Another limitation of this study is that the patients had only moderate low bone density and no prior osteoporotic fracture. Because similar increases in bone density regardless of baseline BMD and history of vertebral fracture have been seen with alendronate use, 18, 19, 21 it would be expected that a population with more severe osteoporosis or with prior fractures would have similar results. The dropout rate of 17%, although higher than in most other studies of alendronate, was less than was anticipated in the study population and its effect on the lumbar spine BMD analyses was minimal. This was confirmed by the finding of similar results of the per protocol and completers analyses with those of the intention-to-treat analysis. Also, because the duration of this study was limited to 12 months, the effects of HRT discontinuation and the addition of alendronate over a longer period cannot be ascertained from this study. The loss of lumbar spine and femoral neck BMD in the placebo group continued in a nearly linear fashion through 12 months, with no evidence of slowing. This suggested that bone density would continue to decrease beyond 12 months following HRT withdrawal.
In conclusion, this study has documented significant bone loss in the first 12 to 15 months after HRT discontinuation in postmenopausal women with low bone density. Alendronate treatment increased or maintained bone density and also prevented the increase in bone resorption observed upon HRT discontinuation. The use of alendronate should be considered whenever HRT is discontinued in a postmenopausal woman in whom osteoporosis is a concern.
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